During data collection for a larger study (Edgar, 2002) , it was noted that some mandibular premolars were more rectangular than 'normal' premolars. The affected teeth appear to be either compressed in the buccolingual dimension or longer in the mesiodistal dimension. The affected premolar is thus more rectangular or elliptical than hexagonal or rounded, like most mandibular premolars. Additionally, the cusps of the affected premolars appear closer together, and somewhat angled toward each other in some cases. Although affected posterior mandibular premolars were noted, more anterior premolars were seen with this condition.
MATERIALS
A total of 458 individual dentitions were examined for the presence of affected premolars. A list of the samples from which these individuals were drawn, their ancestry, and the frequency of trait presence is listed in Table 1 . In these dentitions 19 elongated mandibular premolars were noted, 14 anterior and five posterior.
METHODS
Measurements were made of 14 affected and 22 non-affected anterior premolars. All individuals are represented by the following three measurements:
Mesiodistal diameter (MD): This measure was the greatest length of the tooth in the mesiodistal plane. Adjustments were made if the tooth was rotated out of 'normal' occlusion (Goose, 1963; Hillson, 1986 Hillson, , 1996 Moorrees, 1957; Moorrees et al., 1957) . Teeth with excessive wear were excluded from the study (Keiser, 1990) .
Buccolingual diameter (BL): the maximum diameter of the tooth crown perpendicular to the MD measurement (Goose, 63; Hillson, 1986 Hillson, , 1996 Moorrees, 1957; Moorrees et al. , 1957) .
Cusp Distance (CD): This is a measure of the distance between apices of the two main cusps of the premolar, one buccal and one lingual. If more than one lingual cusp was present, the largest cusp was the one included in the measurement. If there was no lingual cusp, the measure was taken from the apex of the buccal cusp to the center of the lingual marginal ridge.
In order to investigate the nature of the size and shape differences between the affected and non-affected premolars, we performed principal components analysis (PCA) on the logarithmically transformed BL, MD, and CD dimensions. We used this approach as it allows the analysis of variation in the premolars to include multiple measures, while accounting for the interaction among the measures. Noting the pattern of these relationships often provides insights into the relationships between the size and shape of features as well as how size and shape interact in the development of the feature (Jolicoeur, 1963) .
PCA was performed with SAS software (SAS Statistical Institute, 2003 ABSTRACT A previously unreported morphological variant, elongated premolar, is described and analyzed. The elongated premolar is mandibular and may affect the anterior or posterior premolar in the field. It appears phenotypically to be more rectangular (with the long axis mesiodistal) than 'normal' premolars. Dentitions of European Americans, African Americans, and an admixed group of Native African/European Americans were examined for the presence of this characteristic. Elongated premolars were found in 19 teeth in the 458 individuals included in the study. Mesiodistal diameter, buccolingual diameter, and cusp distance were measured for 14 affected and 22 unaffected anterior premolars. Principal components analysis shows that elongated and non-elongated premolars differ primarily in shape and not size, with elongated premolars attaining their overall shape due primarily to an increase in the mesiodistal dimension. Thus, the suggested description of this feature is elongated premolar (referring to the mesiodistal dimension), rather than compressed premolar (referring to the buccolingual dimension hjhedgar@unm.edu the multidimensional scatter of points. This will show which combination of features is most variable and uncorrelated with each other. The eigenvector matrix contains the direction cosines of the principal axes. If all of the direction cosines of an eigenvector are of the same sign, this axis represents a simultaneous increase (or decrease) in all of the features, and is usually considered to represent size variation. If, on the other hand, the signs of the direction cosines differ, then some features increase while others decrease. Axes of this sort are often considered to reflect shape variation, as this represents an increase in some dimensions and a simultaneous decrease in others.
In addition to differences in sign, the direction cosines may differ in magnitude. For example, if a feature increased in such a way that the proportions of all dimensions remained constant, then the relations among the dimensions would be isometric. This situation will be reflected in the direction cosines of an eigenvector when they all have the same sign and magnitude equal to 1/√p, where p is the number of variables.
RESULTS
Figures 1 and 2 are affected anterior and posterior premolars, respectively. If every dentition examined in this study contained a full complement of mandibular premolars, 1,832 teeth would have been examined, and the trait frequency of expression would be 1.09%. However, a minority of observed dentitions was incomplete, so the actual frequency of the trait expression is somewhat higher. Out of the 458 dentitions observed, 14 had at least one affected tooth, giving a sample frequency of 3.06%. Of these 14, seven individuals showed unilateral expression in an anterior premolar, four showed unilateral expression in a posterior premolar, two showed bilateral expression in the anterior premolars, and one showed expression in both one anterior and one posterior premolars. Table 2 contains the results of the PCA of the affected and unaffected premolar samples. In the unaffected sample the direction cosines of the first axis are all the same sign, indicating this axis represents size variation. This observed first eigenvector differs from hypothetical isometry (0.5774 0.5774 0.5774) by only 45°, indicating that the proportions of all dimensions are constant. The second and third axes have direction cosines of differing signs indicating that they represent shape variation. The second axis shows direction cosines for the BL and MD dimensions of the same sign and approximate magnitude, while the direction cosine corresponding to the CD dimension is about 2.5 times smaller. The third axis from the PCA of the unaffected sample represents a contrast between the BL and MD dimensions, with the former increasing while the latter decreases.
In the affected premolar sample, the direction cosines of the first axis are all of the same sign. This axis, like the first axis of the unaffected premolar sample, represents size variation. However, unlike the first axis of the unaffected premolar sample, the first axis of the affected premolar sample does not appear to represent isometry. The direction cosine of the MD diameter is about 1.5 times smaller than those of the BL and CD dimensions, and the eigenvector differs from hypothetical isometry by 14.6°. The second and third axes of the affected premolar sample, like the sample of unaffected premolars, contain direction cosines with different signs, indicating these two axes represent shape variation. Both the second and third axes show a large direction cosine for the MD dimension in relation to the BL dimension. Compared to the sample of unaffected premolars the MD dimension on the second and third axes of the affected premolars represents a much larger relative increase. The direction cosine for the CD dimension on the second and third axes have the same sign as in the sample of unaffected premolars, but with a smaller magnitude in the second axis and a greater magnitude in the third axis.
CONCLUSIONS
In the PCA results for both unaffected and affected premolars, the first axis represents size variation. The measures of the unaffected premolars are isometric on the first axis, but the affected premolars deviate from
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Eigenvector TABLE 2 . Eigenvector matrices, percent of total variation accounted for by the eigenvalues, and mean vectors from PCA of logrithmically transformed BL, MD, and CD dimensions.
isometry, with the BL dimension being larger that the MD. This result is not expected, as the affected premolars appear to be narrower in the BL direction. However, the first axis of the affected premolar may simply reflect the general size component of premolars in which increase in the BL dimension is fairly constant. The second and third axes represent shape variation in both premolar samples, and it is in these axes that the overall phenotypic differences are manifest. For the unaffected premolar sample, in the second axis, the BL and MD direction cosines are approximately equal and the CD direction cosine is larger in magnitude but of opposite sign. In the third axis the direction cosine of the BL dimension is greater than that of the MD dimension, and the CD dimension direction cosine is negligible. These results describe a 'normal' premolar that is generally oval in outline, with the BL dimension slightly For the affected premolar sample, the direction cosine for the MD dimension is somewhat larger than the BL direction cosine in the second axis, and much larger than the BL direction cosine in the third axis. The direction cosine of the CD dimension is not as small in the second axis as it is in the unaffected sample, and it is larger in the third axis than in the 'normal' sample. This pattern of interaction describes a tooth that is primarily elongated in the MD direction, more rectangular than 'normal' premolars, and with cusps somewhat closer together.
It should be noted that elongated premolars are detectable as a morphological variant. It is not necessary to perform metric analysis to include an observation of its presence or absence in a morphological analysis of a dentition. The metric analysis described here was performed simply to determine if the final phenotype was the result of a predominant reduction in BL growth or and extension of MD growth. We are interested to hear from other researchers who may have noted this characteristic and/or have data concerning its expression and frequency.
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